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Pclitn-rr.ts!a:ad p'ant L-»r.sionrjU«n. 

A mt-cS *ne b Ciiicsa* **r ma et*t:ic 

Ui.-.liermat:cn e: pun:* »nc P**< 1*« !>Y PcCan maca.es 
trins'omuncn, Fo/*cn genas *#• Wrocwctd «mo pcfltflBy 
elating on csmar pandas wfvca vi p/trw* «*«rairi 
Into plant poUcn. Tha treat ad punt potfan a tn«n fund pollutes 
inc ;*e pro? any a/e rte=w«l. i port«n of * 
tn«,r stnomc tr* lo/t^n eene. TM pn>ct*rt may be y**fi to 
en si a gtn*t«Py «n«int«ftti maize plant and Im*. 
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Description 



fOLL£W-M£0UTED PLANT TRANSFORMATION 



F.eld Of m« Invention 

The present invention nines to the general lietd 5 
0 | genetic engineering Of p^nis and folates, in 
particular lo mo tramlormanon of exogenous 
genetic matvtnal into the germ ire ol a plant kno by 
physically introducing the geneuc material into 
pollen ot tne plant. W 



Background of the Invention 

There exists much current effort and research 
being expended toward the genetic transformation 
of plant species It n believed mat the development i5 
of efficient means !or transforming foreign gc\es 
into plant ge*m Unes will allow tht diversity of the 
genetic S'.ocX in commercially important crop 
scecies'io be widened and to allow functional genes 
of" specie inte'ts: tc Se selectively iwrccuced ir.ic 27 
crcc scec es T.-.e t'Azn arc research to date cn :re 
tran*:cr.T-.a::sr. cr gtne:ic erc.nee-ing. cf p*-t 
species hi: i'.' t tz res-its *hie-. «7 c. :e 
craT.at.cs "; ss;e--c c- r« specie* c' p!a-.:. 

The pr:-'c:pai rr.cc-.cr.is- has be*r. usee 25 

he'ercfee tc the ir.:roduc::cr. of exogenous genes 
into plants has begun witn me transformation ct 
jingle plant cells either as protoplasts or in a 
uncifttftntiated lll5u * ma " known " * eal,yS - 
Chimeric genes functional in plant eels have been J17 
introduced into single ce3 plant protoplasts by 
e , t::::::'J-' 1 t"t microinjection. Howevt'. the 
m=s: wice y usee :rz r.s :c™. a tier. iec.vuc.je usee :c 
da:e has take", advantage ot a natural tra:t ol the 
plant parogen Acresar.er.um iume'aciens . w- lC -. SS 
tn -9 ar-.:v :c ::=r.i:e: i ;cr..c-. v. the 

tro- a Ti [Tu-.ce- r.cuc:.-.g: p:asm;d ha/screc r. 
into an ir..'«ctai p:a>.t ce-I Ey inserting fere—, gt-ei 
in:o ptas-.tri Acrc=ac:thum wrucr. ccrr f - certs; - 
•ec-e-c;i f.-r - . " ;:*s.r.:s. the ta::er.al ::a-s- «<- 
tc---i:. = -i : car :t -stc tc ::5-.s:f :*.e " 
ge-.fi* ir.:c tr.e r-*crr.t c! the iriec'.er si*: zt-'t 
Acrccactc-um -meciated plant cs'i irar.sfomna::cr 
has set" tc-~.c tc w:rk reascna;iv w?:: in rra.-y 
mace! c:sc species, sucn as tccaccc. pe:urus arc *i 
carrct. C-t cces S-?fer irrjm rwo sigr./tcar.t '.imita- 
tions. The firs; Urv.jucr is tha: tf.e mec:a:ic*. car. 
only be Cone on an individual cellular level, typically 
w<th somatic tissues, which then must be regener- 
ited aniticctty mto a wnote ptant This Irmts the SO 
appiica3«nty ol Acrscac.e'ium -mediated geneuc 
iranstormation to those cop species which can 
readily be regeneraiec; from types o< tissue which 
are susceot>S'c lo Ag/obactenum Wec&on. A sec- 
end tmiiaiion is mat me natural host range of IS 
Aqrohactenum induces only dicotyledonous plants 
and a umuec numncr ol monocot soeccs of me 
UT.accac tamiiy. Thcrelore A< yooac:enum -media ted 
trancjormation rai not been proven to be in 
eitectivc tool (or monocot species of convncrcai to 
kiterests. such as mt ccreat enp weoei. Another 
Cillic-ity wiih AnfO Q.irtcrtufn -ineamtd translorma- 
lions is the gcncraiion ol soinoconaJ vamnis. whtcn 



spontaneously ahse ti ptant tissues m assut cut lure. 
wh»ch may compficate identittcatton >J iranstor- 
mants. 

tl has been demonstrated that at least some 
chimeric gene constructions vt ettectrvc for ei- 
prtssion ol foreign genes in most plant cefls. The 
functionary of these chimeric constructions in 
monocots as well as fcots has been demonstrated 
by me transformation ol maize protoplasts in culture 
through such techniques as eiectroporaiion. How. 
ever, no currently known methodology exists to 
regenerate whole maize punts, or whole plan is of 
any other important crop species, from such 
protoplasts. No whole, imac: transformed maize 
plants, lor example, t/e known to have been 
generated. Nevertheless genetic transformation of 
lines of maize and other crop speces is a desired 
csjeoe ceca-se ot the grei: ig -cultural value of 
tne commcn crop plan:s arc tr.e pcteniia! tc 
u~.p'cv? the': vut art p'c;-.c:;v 'y. 

Ti:e-e ^aI at :eis: i-.e s-t ;is'.:;- cre.ic-i . 
t. K a: ma :• r:*:s ca--. b« rje-f • 'ra.-.s-c-med : r 
geneuc ira-nsfcrmaticn of the^: pc-s*. PuCis.ieC 
PCT patent i-plication V.'O e;/C*.K8 to Ce'A'e: 
purponec:y describes a me*r.cc tcr the transfer of 
exogenous genes into flowering ptams by transfor- 
ming the pollen ol the plants. Attempts by others to 
venfy this technique and reproduce the experiment 
have tatfec. Santord ct al.. Theor. Aool. Genei. . 65 
(£-5). 57l*?i I'.zzi). A reccr: z< one S-miiar resu!! 
has :e;- ~izi Ch:a. P"C Na"- ^ca; Sc; U£^ . 



Sc".Ti-v c' :re !nve*t«r. 

T^.e prese-: mventio- is s_~~a'.rec in tha: a 
rr.er.cc c' ;--.e::caCy trs-crc.--..-.; a plar.: tire 
c=-:nt»s steps c!: p-eiar-; a 2-^ sec-e"» ■ ■ 
inc:-=^; a :=•••;-. ge-e a-c reg.?i:c?y sac-.-e-ces: ^ 
rcca::.-; tr.e Z*-~ se^Jiics cr.-.z =a*y me-: • 

pa*:.-t: acce't-c::*; 'r.e ;a"-c:e: t'- - \ 

rying the CfiA at po«en of the s-a-i to loc.-* ih* ^ 
partice: ir. tne pollen; pci!ina::.".g a temase pa/er: rj 
plan: w.:.-. the ;c;:en; anc seitc.:-; '"rr. progs --y £ 
U*.e po::--.a;ic- (cr transfc-meC p:c-.:s. 

T>e prets*: tnveniicn is I'ZZ p:rec:ed tcwa*- 
maize anes having lunc::crui expressed loreig* 
genes inserted in [hem. 

The prescr.; inventkm is further flirected toward 
the geneuc transiormation of not oniy maize but 
other ir.portar.t crop ptonts through poBen transicr- 
mation and without w* need tor tissue culture or 
regeneration o( plants. 

& is an advantage of tna present invention in that 
me process '« retaove* e>cit and eftoent. readily 
veriAabic. and reptcaett. 

tt a an advantage o* the process o* the present 
Invention and me mauenau produced therefrom mat 
toreign genetc maicral. enanciefUrt or uncharac- 
tenzed. can reaoey and rapidty be introduced into 
arty dewed gencic backijrouno ol maize lor croo 
breeding, moieeutar b^iogy. or other simitar agren- 
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on«c e, to**** jj-P*™ ■ „ ^ 

An addiiionai aiNantagc w • 
^...nT^Lniicn « th*i numerous. ... mnusand*. 

° SHI mst iW pcrtonmog urn process * 

"qu s o' Uro-n.vci- -*h « '« 
p.rtorm or requ»e r.*il hy-cefl ircaimw.1. 
P otnr oi.ccs. a^je, « lepras « mc 
ores*" imeni.c.1 w.Q become apparonl Irom the 
E!£«g .OCOhcnon when taken * con^cuon 
wiih me accompany*^ drawings. 

Brief Oeifi?i|M'ft» ° [ w « Ora^nQj 

p* l « an cooled pe.:pcct»vc we.-/ el an 

.pprams «n*m*:irrt M P«™«> <"« ™ moU 
Of tnt present invenucn. 

° p. % - tt a ,c:i*-rJtic aiustraiicn ol mc 
plainuema.iiputoiio.tt in me process of maktng 

P T^ ?C isV^C-:C Nation me 

p.,,1.- .wic-to'-ie^s *n mt prccess ef mak:^ 
tr.epiasrr.ir.^CV.C-C" 



^ih. pS* pa".^^ p!.« gene^c 
. c -p.-'—-t- in accareanca w»:n me 
™« "^eniicn". ON a is phys.ca.iy d«*v.re ? *to 
fp! eytciai or plant poUcn. 0*A being earned on 

which vt acce'.ercttd at me poOen so mat me 
^.s enter me MM** pattfl cat. but n.,tner 

n-- mem. 11 nss been !oune .hat 

DNA e-ve-es r. sucr. a Jasr.on -U be ineerpara.ed 
?' I f.\ !«.c':= mater*, ol the prsgeny * IM 
^e- T*Js tra,r:crr™g 08«en in ma las-.-cn 
£*s m. e = •-.-in...-^ ol par,., a = 

Br Tr«-e are sever*' Meters ,uC " 
«„-... --,e--rr.eC.a-.«= trarsJerrruiicnj. The ma-- 
~ *. •«•*»:•: « 

0NA-:ea.-..-.= patcss Mvt * 

vtI -^ and c>e paritaes memae-ves ire in a 
re'i:,vfv ur,:=:rn ps::err.. wM.n c=n:a=:ino mt 
PC?.*, ma: m.y p«.««u a ^r,ccn t «urr. 5 erof 
ociie^ ee-.!i wtnc-^i b.cio^c;.: Y CisiSK™ 
Fur^e*rr.crt. me CNA en mt parties iho«ii Ce 
»u=U and caoaole of wnslonning plant eali »nc 
Expressing m. dftsMi «•! h m* plant ettt. In 
Ic-. on mt Ona itself may cont»,n a se^.e.ai.t 
m,7,c: wn,cn can b. de.^ed in nuiamtfy «na- 
formed plan, attdi o/ pUntuta in orc.r to «nly mc 
.peer* punts - 0 ««iic tr*«iom»«» tas 
oerjrred. n me transformation lrecv«ncy * *f 
a^tj.T sue* a stiteiaoit marker may not be 

^Tar. many types ol mecftavtoi systems 
wticTcan Pt e«v*on.a to ^^«.e bio^tty 
inert *m»a earner part<i«. Possible 
rrwpt exniosiwe ^ ' 

paructts. ccntnh-jJ aceduniiOA ol panidts. etec- 
vestane acctura.^n of panitfes or any ome. 
anaiogous syst.m canaett of prov^rj minium 
and vewety to smafl inen partkaei. One novtt 



traicu se"«iui*-. ta*iw»» « Py 1 ^ mcm * 1 
t, r»ih ~*t^ : m.^-rJ .rxt^vQc b. Fo 1. and 

AUO - I «MW^T »' «■ '* 

a urgei »«u.c« to- e-.r-J "°' len laf3e ' 
tntruon. 

,0 Thu acedcatnr tO.^^t, ol sceMi pari a. A 
tiurk aacna/na cruuirfwr 12 iw proceed extending 
imo Us inttffW a ^ ot atcctrnnes M. Tnc geometry 
oJ the Sf»r* cfcsrha.fle tiwwt^ 12 tf not oei.evea to 
be erinci in u».t ( it*icnr i«cnik»n ai tonQ as ttte 
,5 chamber a r.tfiti.iur*Bt t«» rtevcton and prcicot a 
tlyock waw fil pioj»*r W3. V.ttf and proper drccnon 
that ii cm he use<l to propel mt earner parties The 
apptonu hav« louml "«n a secnon of iC millimeter 
rtftrior owmcicr polyvinyl cMoncie piasnc P>n« * 
20 satisfactory lor use as me tpar* csr-aryt section 
\l The electrodes t< ar« citeneing osoositeiy .r.to 
tne r.ter-cr mooted approxir^te'v 5 fr:!!-.--.e'_*'s 
be.ow ire ic- ot me sparu e."-a--=t* T..s 
e!ec!.*ac?s t- r.e-t=!-;es are fc:-e: sy^tr.-eif.*- 
rf fc=::s t«:e-.c:-.g t:d s^:^s i^eiis —■■« = j'" :r ; 
|p.:tricr s^a-.vc- sjrfacts ire c-a-.-.a 
waUilse:!. Tne tr.£s ot mc inrea=e= 5='ts fo:---..- .M 
tieciroees U ar* protected «n=ii an arc r«5;s ;i r.: 
alloy obtained from high electric voltage re.ay 
jO contact points cut to a size of appro x^teiy 2 
miBmeters by 2 mBimtters by 3 millimeters and 
soldered to me ends of me threaded bolts. The gao 
between tne electrodes H can be adjusted by 



* - , 

a?cr:r;*:arc-v ive^r; !hrt bcits '.r-; er out c. 
-»« Spark chc:r.=c- 1^ The prslerr-C ga-j Ic- discra-jc 
vc» iG e or a.is-s«i.«:«!-/ tj Msvo.ts tf.^ me 
tne: ef the e'sct.-c^ot is be:^«2- 1 a-~ 
mC,T.e:e-s. Tre T.C::«:r of " > - -:.r ; 

the t'-ect.-cces the-r-se^ci is c:ca"y s^s;e.. u 
wide «=r:s:icii. aiif.sug!i * is pre ; «"tC ma: the 
.fect.-cnec :« highly cursbit sr.e tr.a: me d:$:".se e' 

s:*.- ga:: r.etv::. : the test-ar.;-- =e r«i- 7 ■ 
ac:-stac* 

A scacs* \£ is ?r;v.-.: itz t :r.e sci'- 
4 < ch-rr.ser 12. The spacar nng *.6 ray 2e c=ns:rjc:t- 
cu: ef me sa-.a ?vC pia* as me ;.-.aT.se- U 
ttsett ar.c prctcaofy a« cut io a ven.ca. te.^g. * e- = 
miii^csers. tr. a f«ed ars-jarsics !c tr.ns!cr-a::cns 
of a sing;* crap satces. me ccaca* r.r.g :6 — =* 
SO con-imctDCJ mercty as a «encai txiens.on of me 
apa/k oissnargu chainl»e/ 12. iltnougn a rtmovaolt 
and repiacaam snaerf nng 16 aflO~s artius;mtnt of 
tne cutanea trnm apaik rti»efc/ge to carter snee. to 
be «ri«d so U»i the tc« of pa/nce acceleration 
55 can be vnried by tonoi.«u or by »««•«■ ^ 
apacer ring 16 may be Ian open at me top il I H^e 
earw sheet 11 b used, but may also ad«n|. 
ageous* nave its top npen-ng partafly ™ st ^^ 
a autabie ensure to (orm a rectangular ooemng 
ag approaimaieiy 9 by Q wfcnetcrs. Placed aiop mt 
spacer 12 is a ewrter sflwi 16. Tbe earner shoe 1 6 .s 
« pfcvw. egnt sheet lorn-d ei sUtabte sua to be 
ptaceiJ r.:tu,g aiop mc spacer nng 16. The eamc 
Shett 18 .1 irwmcd ol tU».aie b.olog.caily *ari snee . 
45 matcrui capable of car^ btoiog.caily «n sma 
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pandit marten. The earr* tneet tt tune to"* 10 
traniter mt lore* oi a anoc* -avt trom a war* 
di*ema/ct "to acceleration of me omr partita. It 
fu, b.tn found mat mt ca/nor sheet 1i may 
.ovantageousry 0. formed from I me or 0.5 md 
elastic coated aiummned mylar. w*m the 0.5 m.t 
ahects be.ng preferred unee in practice mty result 
in better penetration into the pone*. As a generaJ 
practice me smaller mt actual surface aria of the 
earntr sheet 18. t*« better penetration ta obtained 
by the earner parties into mt pollen. This consider * 
ation regarcing penetration is balanced by mt need 
to have tnt earner mat; of a lira wh.cn is sasy to 
handle anc whicn provides an impact pattern over a 
large enough netc to bt acie to impact large 
numbers of pollen ce«s in each individual injection. A 
carrie' Sheet sue ot S by U m.llimeiers has been 
found to pravict a gc-oc aire yielding good penetra- 
tion in a ces:rattte imptc: pattern of me parties 
onto tne pcller; target, 

The earner sr.a«: * functions to arrange me 
ea::e-.n c: tne pa : c as trey ccntaet me target 
Lrta:s. A- tvt- v-;:— pa::i-n c! parties « 
f.,,— (j. « ;i < *-«_■» mi: as many c* ■•* cn :r * 
targe* « pcssi* are ir.=ac:«s. in cr=i' ic 
maximize me ye": c! tra-s.'orrr.anis. Nc.-.-tra.-.s- 
formed ceils, petite or otherwise, may be a: a 
competitive advantage with :rans!crmants or may be 
partially et5tina:*s by me earner panicles. Therefore 
it is desirous to reacn as dose to i00 percent 
injection into the target celts as is poss:iie. and a 
uAifcr-. laye- anc ratten ef parses en a came- 
snce: '.2 aies m.:s — ;*c::v*. 

As to me ear.-.e- payees memoes, any mgr. 
ee-s.:y 1 it i^egiciiiy .ner: snc-.ic -e 

! -c- is me C*a earner pa-:ic:es 
w":".- me c:".e*: :' m* pressr-: ir.vcr.o-.. N-a:t 1 : 
rr.a:e-:a:s art p s * :*c. sue.-, as iungs:e- ani gc;=. 
whicr. nave i s 5 -.s.:y i! IS ln::-n m i; r.: a=s= 
c*e--a: e -a .:-; i rt-si:y value C 22. =ut r.as -c: 
t-i- - fc -se: = . i.Z reza-st : .s " r y 

avai i: e >r i re.s- ■.•*■* c:--se p:.v:*-. *-e-ei: 
scneneai ?a**:c:es v prettrrtc. Tungsten is aisc 
pr=ii = :v let: des-a=:e c^pares to gsrd tusiusi :i 
te-.cs :e oi--S.:e :r. ** in me presence H even :rac« 
mcis^re. S-cn a- o*:sa:ic« tayer on me carne- 
par.ces le-zs :c 6»nd me par.iats icgem.er 
causing severe increase in average particle %:zt as 
tne parties aggregate togeiner. Panicles wn.cn are 
clumcec in iffegutv aggregations are less des;r*e'.e 
for tne practies of me preient invention sine* sucn 
argregstions w.u vi.-y *.c!e!y in mrr rr.ass and n:e. 
inus fading to CatficuKY « Of.t*m*ng ftgularty 
rtpi.c^ui* results, n has ncen lftAn»d mat gold * an 
optimal material tor tnt pa/i»eits widun ma present 
invention sinct .t na* tm& density, is r«aiiv«ty inert 
to bom Oioio^ical materials and to oiidaiion. and tt 
readily csmmerwity ava.Urile *i me form of toncrcs 
having a oomeier oi l to 3 m<romeieri. Suitable 
Ona sequences may be applied to me gold parndes 
and tne goto parnees may be apphed to me earner 
sneet in u manner wt>0 w«U Be discussed *i tunher 
oetaii 3eio« 

Locaivti aoov« tne earner snccl 13 n a retainer 
screen 20 The retainer screen 20 is a t00 mean 



ttamiess neei screen physicafly mounted •» a p*astic 
hoidr approimatery 5 mdUrneiers above the lop of 
the spacer nng tt The retainer screen 20 tuitions 
to restrain me earner meet ll so Bui < does not 
5 proceed to me target. 

The target Surface 22 is a planar sheet of material 
capae-ta ot suspencmg me target cefls. Lt.poHen or 
otner plant cans, mereon. In pracrici * has been 
found that an eaady useaoie target a a petri *ah 60 
to millimeters by tS mUfimetera inverted over the lop of 
tht assemoiy noiding me reta»ner screen. Spacing 
trom me retaining screen 20 to the target eels on me 
target aurtaca 22 i$ merefore preleriWy approii- 
matery 15 miTL-neters. Spacing greater ffian 15 
IS rmlOmtters. unser me eonotrons of Wtage and 
atmospheric ytst^t desenfted beto«. leads to 
reduced pene:*a:icn ot earner panicies 'wo me 
pollen while a spacing of less man 10 mfltmete-s 
results in erus*tS ee"s in me event that the retaining 
20 screen 20 dtrsrrni uncer ;he torce ot we Wast. 

if poller. :s -<-*- u me targe: ce'Js. the polar, nr.us: 
be i:: e: iz target ir. s-en a las.*icn that me 
targe: r.a/ :t ir.v«-:e: me pofiai rerr.ii.-.ir; 
vine. S :t ; : * - ir. g*-*-»: is sc-s-rv* iz 
rr.csxre. :rt -s*: l '* P= i: «* 

the targe: ir-c-id 5e as rr.e:i:urt-frte is poss^.e. it 
has besi fcu-p that mine-ai oil is useful u sucr. an 
acnesive. I! a tr.in lay*' of mineral oil is applied to me 
boncn ef a Petri dis.n to be used as tf* target 
30 aurtace 22. pea an is dusted mto me dish, and men 
mt cisn ove-.--med to remove excess poflen. it has 
been tour.c tr.a: a relatively uniform monolayer o! 
pc::e- --a-.-.s -e-i'-s en :r*.e :arge'. wnicn wit rerr.ain 
ir. place c.— ; ,ta-:.c:e -.-.leitior. an; wmtrn rerr.a ; .-.s 
2 i via;ie. If cs : s:.-e- ma.- ?M*i ^« tP ' :S 
apparat-.-s :'**' sc:::rt -er:a. sucri i: act-, may 
t« re s a:: ::-2*e 

Tr.e e *'.;•* iiss" 1 * - y c* '.h* zirr.z l .t accelerate? ".J 
anc me :a-gi: v,'zzz 22 rr.-s: se pana^evarjate: 
*Z so as to p'4 t-. me rc.-ce af itmcspfttnc i-- \'.z~ 
S ::w- ; t-f irz z: me sa-nt' V**- 'S- ^« 

va - . — : - . j zi-' i vac--c" s"; s 

vasjCrr. \Y/z cei eei't mt targe: pe«er. ce.^s. 
rencenng trei nc'-via-'e. A varjum of *SJ to it- 
4i mili-e-.t'i :■ rr.erp.ry has S«- *un£ suffice-.: an; 
advantage 

In me s.-piesr eiP'a.naticn of the op«rv : =n 
acsarac-s C Pg. 1. tre p-ocsss o! fia-g me 
ac-eierator tO fteg:ns witn tne placement oi a C"? 
SO 2* of Cistined or eem.neriti:sd water between me 
electroces 1*. The amount ot water must be 
selected sc as noi to campe" me arc w*mc.-\ w^i 
occur between me electrodes Oui yet be of sufficed 
volume to create a anock wave in tne euenor o< me 
SS aean* enamaor 12 wnen me diacnarge does occur 
The prelerroo vctuma of waier nas been found to be 
approi*na:e*y J-* n»c*olil«f s. Tha amount of water 
may be aeoutd ay pipette tuspenoed between me 
ends of me eiectrodti w. The water dropkt 2* 
to bridge the eao between the electrodes and rem** « 
place • 
The seaeer ring IS is man placed uoon mt top or 
me soa-* enamner \Z ane tne ca/ner snee! « •* 
placed on tne too oi me spacer nng IS. The rtia.n.ng 
£3 screen 20 it mounieo m piece S m*metefS aoov 
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tnt e*rnor sheet 11 and mt target surface 22 
consisting o( lha owiu/w f»tin Asn is puced 
above tht mounting at mt retaow^rj screen 20. Tht 
assembly i* mtn evacuated to 460 rmiUmettrs ol 

mercury. 

E*nm*t to the apparatus illustrated in Fig. 1. a 
voltag t supciy ii connected to gentult 15.000 volts 
0C. Tht 15 000 vons 0C n thtn applied to a 1 
microfarad capacucr. wh.ch is thtn discanntcttd 
(rom tht voltage source. By throwing a suitable 
switch, tht 1S 0O0 *o« cnargt on tht capacitor is 
then applied Between mt tetrodes u. 

When the vottjge is applied, an electric discharge 
arc jumps bttween the two eiectrooes 14. The arc 
instantly vapO"Z«s the sm;:t wate' drop extending 
te-wetn the *>ecrroU*s. A snoc* wavt from trie 
txplcs;ve v»pori;;non of me water drop propagates 
throughout me innncr of the spark champer 12. 
Whtn the shock wave reach* s tht earner sheet 18. 
tht car*- shttt :a is t!:a: vtr.ca'ty crt the spacer 
rir; 16 a-.c is a::*(era*: tc*a-d :r.e mining 
iz'si' 2t V.'-*-. me ca"tr S'**t 12 r„ts tr.e 
ft:i - -- sees- 2-: :r.t f rti is s -esvj rei 
in = are »' = ;*-e panicles ci" e~ " re :i*-;c sr*.ev 
IS iti>.e the ear-ic sree: ar.c tty JreVy a:.-css the 
distance t= tht ct::s rating =.-. tr.e :a-r;e: surface 22 
It tht apparatus has been prepay canstructtd and 
adjusted, and tht procedure property followed, a 
significant percentage of the carrier particles writ 
arrive at the large: with a csrrac: velocty to 
pent'-ratt trie ct'.ls earned on tht large! surtace 22. 
w-:-c-' rei'rcvt-r a- una"s=::~.e r;e'cevacc z- 
tr.e ce is. Tr.a c*::s th« targe: z-'*zzi 22 -ay ;r.*-. 
tt rt-.cvtc . :.-•« ia.*;e: s^-ace 22 arc s* ec:ec 
as ar : a:> tc st^-iris :rar.s'o.-rr.ar.:s frcr. 
rz-- m i". i- s it rr :e- :: -i« - is r-e'e-red ir. 
ir.* p-cres:. ;c;»e-. is :r.e- rtr.s-.-ts the 
targe: s.^i:e 22 md r.;-; innate d cr.tc !tr:;:a 
ft-a-e f'.pwtrs. sua- as rra :e $;!*$. w-.;cr. w:it :rt-. 
s«r stt: c- kt'r.ti. The s*e: :a- -« -a-.es:er 
pa-.s: a*: * a-i *c 'Z' :rt r:*;-: rc/is: c 
tidd.-tr.:ca- tra.'.s ear-tea; s-y tr.e T'-A ci.-r.e: 
on :re career par:ic!ts inic :r.e p=;:t.t. A^emarrvefy. 
irrr.a:^** «rt-/cs ,*nay ct t*z ul -a.r. :r.e Steele- 
p>ng st*C tisauts ar.d mt tr.ar/cs grs^n out ir. 
apprcpriaie ;asut r-iture ir.rc sraii p!a.-.:it:s ar mto 
wr.c:t p:ar.:s. The plants cr p:a.-.:ie!S. or tis:-es f.*cr. 
tntm. can tntn at tested for selection on the basis 
of a stledtiSlt mar*tr earned in tht Ona trans- 
farmed into mt porten ct'is. Suitable stitc:a=ie 
marke'S would incuct ttc;tnom rtsisunct trans, 
auch as htrpiedt or antiaiotic rtststanca. or 
dominant morpnoiogical trails whose txprtssion 
can bt obstrved. 

It is to bt understood that while the apparatus of 
Ttg. 1 has btm iptctficaBy aevoioptd for mt 
proctss of poittn mefliattd plant transformation in 
aceordanca w»m tht prtstnt invtnnon. tht appara- 
tus tiscif ta also uttiul for acceitraitd pamde 
transformaiion ol omcf tissue h/Ov*. P tant - animal or 
bacttnai. a-. wc« Tt* apparatus allows for easy 
ad;ustmeni ol the parttce tcrcc hy varying me 
spacing or mt rtitchargt voaarjt. It is rttattvely 
simple io oueriit •rtictni *nd sia>Dit so that rtsulis 
may bt repi*c^tec 



Wiirun th« pri-lttrc<t |«tX'tSS O* Iht present 
invention, in* nrorcss tur j^Jv^j n * ^ NA se^utn- 
CtS IO tht p*t<^s. proc.li tor Uytrmg tht 
particles riio m« onurr srws.i. arm tw ptoctss for 
J praparmg tht PfU lw pU'.l Kanstrvmation aa may 
rt^iuirt parnr.uiar iittniiion E.^ch ct thest dttails will 
Ot oiS-tuSi'*'! a> turn. 

Tht ONA senutnet •v.iutiing a forttgn gene 
prepared * trw lortn suiirUJt lor plant transforms* 
to oon can bt s*mpiy nried or.tc naktd gnJd or lungsttn 
p^ftfctj. Hcwwver. Ona mci*cuies in such a form 
tend to hav* a r#H.utvchf shnrt ;xnod of stability and 
ttnd to ctgra.t« ramer rapiniy flue to chemical 
reactions witn the m^tatuc or o»"jai* sub$:rate of 
;5 tht particl* ititit. It has h«*»n truinn. c y contrast, thai 
if tht cam*r panieirt a/t fust cjat td wiin an 
ancapcuiatmrj arjem m* Ona urancs have greatly 
improved staetiity anc do not decjrart significantly 
tvtn over a lime ptnor: of itveral weeks. A suitable 
22 encapsulating a-ent has 5esn found tc Be potylysi.-.e 
(meter.--:.- we:--.: 2CC.CCC; wr-iC- St apaited te 
the cirrt* ;a-:.c:es :t : s :r.t On- r.a tcuies a** 
XT.-M'- C:-.t- t-=2ds- , i:--r cc'yr.e-x cr 

otne-A:«e z * a so Ct .a-**: '-Cs 1 - as s:.-.:i- 
25 tnca=s-!i::" ar*-.ts. "-'•« p=:y*ya-~ t is app^ed ;c 
tht pa-.tc!ts Cy nnsir.- tr.« gc:: pa-.ic:es ir. a 
solution of C C2*c pC^yJ:no and tr.en air drying cr 
htat drying tr.t partic.es thus coated. Once the 
metallic panicts ccand w.tn oolyiyimt have been 
X proptrty dried. DMA strands c^n then be loaded on:a 
the parictts. The Oma may bt ksactd onto the 
particlts a* I rste nf Between 2 and 2-1 mirragrams sf 
Ona per fr..:::T:.v- c! o- 1 - 64 -- 5 ■ T^-* 

practice r.a: za~ :c ;c 'CO rr.ic.-ag*ars c! On- 
Z£ and 22 m;::^"rr.s 1*3 mcr- gc;d scr.e'es 
prec;a:sd w-'* rc:vK*;" , « f«"::e*:'J : > 5 mtc.*a;i:e-s 
or ;C rr.M N;;-. = Cj ar- : .*.*'*. i tnicc-'ft c: rr.;.'. 
CaCj to i^cvic* a rr,i C--?Ci p-e- -'^ 1 * w.-.c- 
forrr.s as ;r.« iz-vucr, crts. The p-t=.d::a:e ea-re* A ^ 
.•r the Cs- .t zr,:z :r* :e-:s C-ci tr.e Sears a-z ' 
the a~d ec:..r c.-.:ardi ha.-« 

beer. .t.:xs: *■ t. trs '.r.< i_*i:i-s =" 'S d* e; 
under a ni;'c.-<-> (N:i s;rta.r, wit- :recje-.( s;:.-rir- 
Once cned the pra^aitate is irr.-td aie'y res-s- 
jS pende; ir, '22- 3 ttr.s-a. the p—cecs o: ?:ac:.-g 
the pa.Tic:es Z'-'c the eaner sr.ee:. 

In a-.c'y— ; ;rie ;a*::isi :a :na ca-nt' sntet. it is 
preferred fcr the suc:kss:ut oce.-ancn th;s 
procedure to form a uniform and rtprocucibit laytr 
SO of tht earn*' particle? on mo earner sneet. To do 
truj. tht paric>s cannot at simpty eusttd onto tnt 
earner sheet, smct Ihey tend to aggrcgatt and are 
thus eSstnnuiert unevwvy in a ncn-rtpro«ucbit 
Casnion on me dhfitt. In paniotor. moisture or wait r 
SS conitnt on tha shtet wtB disrupt ma application of 
ma panictts to mt shttt and risuit in unctsirabia 
•ggrtrjations. Thertfore. it tat first nocessary to 
preeaat mc mytar sn*e: wim a m«croon»Uc coatmg 
inttneta to prevtru watt/ Spotting whtn app-lpng 
$0 the earner particles. R rws bttn found mat hydroxy 
aihyt etBuJoie -.«o<ks tc* tn*s purnost. aimougn 
Othtr simUar trr**itmcnis. turn as acid hyororyttd 
ceUu*osc are atso loas^Jt A soKmon of t*a nyc/oiy 
•myi cetiuiose is w»pe<i over mt p*ast«c eoaitd 
U taurrwiiied mytv. wi«c»i & men rmsco w»m «mztd 

it' 
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wmttr and air dntd. Tnt c*rntr panidti. ~m mi 
P^md coa.mg con.*rung *t ONA 
Lap.ndtd * 100*0 .ima*. is man appjtd to tft 

mic-euitf I 01 * iiurtd sutp.nsxm of lilt •mml 
Wan in. cirritr P*n*tts can b< suce.ssiuly 
Dip.n.d onto tn. mylar ihttc in * rtasonably 
uniform and rtproduetia tatMon. Tht p.ptrttd 
aliquot of th'* lusp*ns*n " »"owttf to stttlt * 
a ciostd p.tn dim 'or at l«"t 30 stconds. The pttn 
dian mult bt ciostd to prtvtnt tddy curr.nta Irom 
formmc from room air cuff.nti and from a Ngh rait 
Of tvaoorauon. sucn tddy Currant! poitmiaily 
causing txctssivt cnlting of lha p*r.«:its and 
IM'tfore a ncn-uniforn distnbution o( pameits on 
me ants' Atter in. settling penod. in. meniscus >s 
hrok.n and tnt t*cess tthanol is cramtd away. The 
residual air.ancl is removed by evaporation m a 
oa.-v.aHv open.-.! P«* n tfj'"- 

ThisVsc.ss is t0 P !act ,he 

eavic-.s esatt- tre --'«-> :i:t "" :i: " ,r 5 
S rinds z~ IP* «".y!a- A 5 = Ci 

ra . is (c--- success*-! * ;r.« p-sse-t 

ir.v-.-.en :s a5?r : »:.-.a:ry C.i mii^-iT. c err.*- 
panicM car-yng tnt predate and ON A a=^= 
a 5 -y U fr..iiirr..!.r ares at tn* earner meet. Sucn a 
dtnsity of carn.r panic* application tc in. carr.tr 
mtM qtts good survival of point and *'so > 
pant-ration at pon.n grains by tn. ace.'.rat.d 
oaricl.s Tht actual accettraticn and ptMtrauon or 
tr.e crams ty tnt pamcl.s *ai vary botr, witn tn. 

- e , , r -c s:a-.t:f. and tr.e numser of «.*"«' 
;;: ;c : es " cl n cbvncuiiy = e va-ec to c:ve met cr 
tew.- parties =*' crcsi-sec:«cr.a arts 2? :n« targe: 
ceils as cts:--ec. 

T-* 7,:. a :c .r.* - * :*■* ;**S4-: .-■c'- c- rr.ua. 
t. ::-::::c:c: •r. a vt-::ar >"*::" « «'= 
i c - cl mt e^en-us ■*"* ir tri * ; » !s =: " i :s - Cr 
*na:tve- etr.tr p:ar.i is f u::.::*: w.ran in* 
c-ts*-: ir.ve-.:;c-.. e ^ *~ s«--- s - 
c.-,rr..-s. ^- - = ■ S«-« r " 

c:r« ; a- s a:t=-ts ^ fir.ai of u-.c sa-« iptcts 
mav atsc tc us.d V.;:=rs su:!ast« is* aasnssien in 
plants gar.ara.:y rr.us: incSudr c.s c.s :nt s=d:r.c 
te^-'f-ct cl :nt cts:r.d taertuus 5**^.. ascrspr.- 
ait ftanhirg r.-j-iatc-y stfj.ns.s tues u a sui:a=:t 
prcmotcr caia=:« o! prc-r.sun; ira.-.scn?t;ci ar.d 
•xprtssion in vivo in pum calls a*d a irans^t.on 
t.rmir.aisr casaStt of s.gnauin 5 mt and or tnnsenp- 
t,on or tnt acpropnat. proc.ssing of in. Ana ,n 
sucn a !asr..cn tna( w,n aiiew swtao:. translation of 
mtsatngtr to product prottin synmaaia. U n»s batn 
ortviouaN dtmoruir»itd IMI plant gtnt promottra 
Cipaeit of «ui.ng coding stqutnet trarucript.on 
and tiprtasjon «« d*ai P*»nt etfls art alio .tltc'tvt 
* monocois. luc* a* com, on a etBuUr ltvt! 
aimoucn witn lowtrtd afficitney in tomt eaats. 
Promm tt Prac. Matt. And. Sc. USA, 

■3 Stpitmotr 1S«. SuO oromoitr* 

' Imm tn* 



*dud* m« nopaunt tyninase promoter Irom tnt 
plant painogen An rooactetiytw lumttaoena and tn. 
Caf.w 35S prontotcr o.rrv.o from int eautfow 
moia.c virus teQu.net A tuiiaina ltrm*UI»on 
ttcutnet titcetrvt *\ planu •« >"« pdyadtnyiaiion 
atqutnet from mt nopat.nt tyninaat gtnt of 



AorotttCttnum lumtfacitni . The pUnt t>pr.SS>on 
vector may auo contfcn a stHtctaott mar** at* Optra- 
trvt in punt ctfli to aio- lor ttitoon of tranafo/- 
mant plants. The t*tcuBl« marVrrr may condition a 
5 trail wnrcn may b. assaytd b«cn*m<afty or a 
pn.noryp-c trait W h<n may b. 06s.rv.d m in. 
progtny plant. Cltafly if a non-cnimtnc mtact gent, 
witn ttanktng r.-julaiory stsutnets. Irem tn. sam. 
or anoth«r plant it ua^J in in. pr.s«"t procass. 
10 enuntne promoitr or control ttqy.nces ar. un- 
ntctasary and iht gtnt may bt vrttd vnih .13 natrv. 
jtqu.nc. 

Whil. tnt proc.ss Of m* pr.s.nt mv.niion Mas 
be.n d.s&tb.d in paniculv detail with r.;ard to 
jS poiitn-mtdiaitd transformation of mailt, it snouid 
bt undtratood tnai mart is noining intnnsic to tnt 
proctss Mt ia of ntctsuty fimittd to ma J*, anc tne 
proctss is tcualty suitabia for pott.n transformation 
of otn.r etrtai crops as wall as dico: craps sue* as 
2: savtean and c=nc-. and mcst otntr plants as wt't 
Tnt p.-ocei-** fc nanct:-*.; pcKt-- c ; ctrt: «*• 
mav rut :z n vi* *c »*: trt $:»: *•; -*« P*"* 
re'i::riM r :.ca: := civ e- pa- : * vt's:-:y ma y 
res: := :* va-ts :s?**c *; c- ss i-t trs 

2£ tas.c jpci-'itwS ar.p - zz'.z. t -if -« * e: "«* 
plant species. 

In ac::ticn. whiie tne pr:cess of tr.e present 
Wwtmion is dir-Kt.d toward pciltn-mttattd plant 
transformation, tn. apparatus dsctssed herem is 
jc tquaity suitaDit for us. in transfarmaticn of otn.r 
plant tissues, sucn as tmeryogtric callus or scmaric 
e-. = rycs. cr any ctne- plan: c* otn.r tissue m 
cultu't. 

S.p.cs net at: t' tr.e pe:'.*- nave zi:'*' particits 
SS inset*: L-.ts :r..r.. an= s -z, net a-! :=■«■-■ ctua or 
Tv-fit wi:i u:*.i*e :r« C*- 1 mto tnt-.. 
gen-mt.it -i necessa - .- t: iz' i M .~ 
c:an:i at ss.-« s:a*e tc «•«: :rars , i. , ma.-.:s. ti ■; 
ia =ts:r«; iz tra-s-crm a c*.*n is.-. " csn. tao » 
*- ■ p.a-t. in* ;e-« T.ay :e Ins.-** <r.:z i zr.:~t .z 
ex- e:: " v.::;r. The : tiz **.: " 

ecu : ne- ra-:t=r-e- n:e : i- :s : * :--=. - ^ 
a srecti:!* rr.arx.r piasrn.c. sum. as sCMu .C<j 
dese.-sec h.rt n 5.<cw The rwc vect:-s (f='*^~ 
^* gen. ar.c st t: »; « ma.-'-***] -* : ;2'e= :s;t:r...* 
to make one piasmid. or tr.t two ve:ters on 5e 
ctcned stca-att y and men ac: t: rogetr.t' to tr.e 
same earner panxlts. tn tun..' even;, me progt-.y 
produced are sc--«tnt<l for tne maA.r to ititc: 
*0 uanstorm.c prog.ny. Vv'na. tne use of sue.-, a 
seiectaale marker may be c«sira=i* m scrr*.« circurn- 
atanc.s. K may b« omiittc .f a su.tac«e morpfloiog:. 
caJ or bi«Si.mK3i ttst cuius to screen lor 1M 
transformtd progtny. A morpnolocical scrttning 
55 us: could b. (or a oommant gn^otyp.c trait m in. 
orootny. A autaoi. b*ocfttmical sc-t«ning its: 
coJc b. a so<aatd -Soutn.m- btot 
proot lor iht twsttnet 01 mt traniforming 0«* 
iti^t « tM gtnomt Ol tnt progtny plants. 

90 

EXAMPLES 



1. Conitructton ot Ve*::ort 
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A. Antibiotic Resistance. 

The construction oi tunable plant txprestton 
vectors it illustrated <n *c-.*matic laarnon in Tigs. 2 
and 3. f^g 2 elustrates. n schematic lorm. the 
construction of a plant expression vtc:or pCMC 
12C3. The construction of mt piasmid. pCwC 12CJ 
begin with tne digestion of the piasmid p£3 325 
(6oiivir. F. Gene * 121-136 119781) w«tn m« restric- 
tion tnaonuciease Tac I. The piasmid pBS 325 
contains a coding sequence tor the antibiotic 
resistance gene chloramphenicol acetyl transferase 
(CAT) which is eiistC trom the remainder of me 
piasmic by Taq I digestion. Aner digestion of pER 
325. the fragments were resolved Oy electrophoresis 
in an aga.-cs* eel anc the fragment containing the 
CAT gene wis exetsdd. The CAT Irogtnem was men 
ligatec into tne pUsm.o pUC 9 (Viera 1 Messing, 
Gene. IS 255-263 |lS52)| which had previously been 
Cigested win tr.e restn.ction enryme Ac; I. The 
fragment encs -y Ta; t a.-.c Ac: I are 

ccr-.p ■*-e-:a.-y ir. :.-.:s cas* a-.c tr.s :re st'j-cs 
*,*•« ; r*:::y urviz't T-e re;. 1 ';-; ;:as-..=. c*« 
r.a:*z ; w C*! i T in F-C 2 c.".:a.n*; "■"* CaT czz 
sed-e^cs ' ^ " * * i ty peniens cf the ps\ti.-.*e* !r;~ 
pL'C i Tms ;:asmid was digest*': with ?s: I and 5am 
HI. and :r.e s-a:i«' of the two fragments was iso!a:ed 
by ge' electrophoresis. This fragment was (hen 
tigated ro an intermediate plant expression vector 
pCMC 55. which, had been previously digested with 
Ps: I and Earn Hi. to form the CAT expression 
p!as-;d pCv.C 12CS. The piasmid -CMC £5 certains 
tr.s r.c-i'-s sy-.-.ise prcmcte* ;Ncs frcm 
Ac-cdactg-.-m turn* -a c. ens and a r.=-a :ne synthase 
pc:ya;;-y nz-t-n (re y A;. from tr.e ja-.e 
c-;3- i-. s-vd-j-.c..- - n ptas-id --;d.e rtstr-::r.-. 
s «s "re ; u-.z rC'.'C £5 a sc Ci":es a ve-i" z' 
the =; i a: a~?:s ?;~e (t-al w.ic*. e»c**ue* 
rts;sri-c* : = the a *.::: ct:c amcc:":.-. ir, ;ac:«*a. so 
tha* a-: = : - -es ;:a.— i cm ;e „ssc as a se *:t;cn 
rr.a-<*- s.rsic-s*-: :*t;.T-.r.a: c-s r«-c-«; ,r. 
c. Cc 

The das-.c rCa^v !C (Gardner e: a!.. Nuc:. A:cs 
Fes S 2;Ti-2» = * t ";S::)) was digester witn S:u i arc 
tr.e trac-en; containing :re cau>:!:=we- mesa : vm.s 
2£ promote* :CaMv *£si was joined tc synthetic xrc 
I oi;gc"^c e:t:d! lingers. The fragment was then 
digested war. Hpn l. treateS with a Cna polymerase 
to generate blunt encs. and then joined to synthetic 
Hind III oligonucleotide Snkers. Oigestion of this 
fragnrent witn bom Xho \ anc Hind Ul produced a 
fragment containing me CaMv35l promoter and 
tramcnption stan uit mod/led at Us ends by the 
addition of me restnenon site sequences. 

The nopatme syn<f-*« promoter was excised from 
pCMC 1205 by digestion oi the plasmid witn Xho I 
ana Hind ill. The larger of tftt two fragments thus 
produced was Kgated witn the CaMv3Ss promoter 
fragmem to produce pCMC 120S. i plant expression 
v«c:or ha*tng me CaMv3Ss promoter, the CAT 
coding sequence and the nopaline synthase poly 
adenytatton sed:i»nce in order. The CdMvlSs pro- 
mote' anc pciy A sequences served as the tuning 
regulatory seoiences lor the CAT coding sequence. 

Bc:n oi me pia:n..di pCMC i2CS and pC'JC 12C3 
were tested tcr acuity n mjiie by e^ectroporauoo 



Into protoplasts. toAo^ed by an assay for CAT 
aonry. Icth consinjctions p/ovod actrwe in mace 
ceis. but pCMC 1206 proveo s*grur*cintry rwgnor ^ 
ltv«i o/ activity, and thus was selected for plant 
5 transformation exp jnmenij 

The cu*nid pCMC l?C£ was used for me 
pon«n-T»eCj.iei genenc ircnstcrnution of maile m 
the apparatus and process of me present invention. 
However, it was touno mat the assay for CAT actrviiy 
to bad a h*gn background level in maize tissue ana thus 
the CAT gene was considered not an optimal marVer 
in maize. Ac-ordmg+y. the pLnjrnid was tunner 
fnanipuaied to insert another antibiotic resistance 
gene, of more selectivity in maize, in me vector in 
IS place of the CAT gene, as illustrated «n Rg. 2. 

The plasm*! pC-viC 1021 camels the ncpaiine 
synthase promoter and mc nopaiine synthase 
poryadenyiation jequenct flanUing a coding region 
fcr Ihe enr/me am:nogiyC3side-3-?ncs;r;oiran4(e.'- 
2Z as* D {/i 2'itj wi*.itn csncitc-.s fc* re«:s:a"=* '.z 
aminor : ::j.ci a-:tic*.:cs s_c~. as ka-a-.yci.- . 
S.ncs e tz'.'zzi-i -z: exp*-..— .e*ts re.-*3ez ire 
CiMv"; * — c.»- tc ti rr.tn rr ft ir 
r.*::» :.*»- :r< s ic: ?.-.U was d*: cer tc ::a-s.'e* th* 
2£ CiWv2£s prsrr.ote.' 10 pCMC 1C2:. Tr.e CaMv2;s 
fragmen: iron pCMC 120c. as illustrate; in r.q. 3. 
was tsoiated by digestion with Xho ! and Hind Hi and 
isolation by electrophoresis. The pias.Tud pCMC 
1021 wis also digested with Xho I and Hind III and 
30 the largfr fragment isolated and liga'.ed with the 
CaMv 25 s fragment in predecs pCVC 1C22. Ir. 
pias-;c pC.VC 1C21 tr.e c;::r; ser.tncs frc- 
APrS' K s flcn-e: 2/ De reguictcn/ Caf.'"*"2;s anc 
Ncs pi jj-.t-cj s 
J5 The cas-.cs ;CVC 12C; anc p".vC *C2: w*-» 
be m c*-:-.s::i:e: tc ;« t::e;t:.e fc: r.-i-stc'-.a'.:;- 
anc exc*5ss;cn in mc:vc-i: C2 ; 's z' :cri:cc. ccttc-. 
ssyiss- anc zz?~ tr..*CLnn t s: *;:: i :* transtc- 
matic* i-c ccte ^ as:2vs. ?:a-; a t :*i - s'c-^ec 
c_!t-.:* * • i = r : :i r.^s "if - ii~z' i ~ n *: 
b« res ::2 - .; :z <a-.i.-.y:;n !;* cc:t". a - : 
ccrn ca:s. 

E. £r.c:s:e*m ccc ca.-Ve-. 

4! A p!a*.-vd referred to as pME: = .i wa« ccramec 
whicn ccnta:.ns an arprcxim.are'y : : <i!ccase lzz> s .: 
tragmcn: of the maice genomic Cr<A wnicr. unctudes 
the entire gene encoding the enryme UOP g!ucosc- 
ftavofed gtuccsyi transferase, an enryme which is 

SO requires tc* the syntnesrs of anthoc/mm pigments 
k\ com. The genomic fragment contains extensive 
bom 5* and 3* tanking ONA and thus is expected to 
indude appropriate rtgtiaiory sequences effectfv* 
in mace to express the gene. Since me doned gene 

55 is a h*4engtn copy of the normal, functional mailt 
gene, il would be expected mat me cloned gene 
would oe hiBy ac:we and function apprcpnateh/ in 
maue cefls. 

The enxymo itself. UOP ofucose-flavonoi giucosyi 
$0 transferase, ts us«ful as a seiectaoie marker for 
gene« transformation in mace because maize tines 
are available which ea/ry recessive mutilans wnicr. 
inaciwate me encogtnnus gene. S»nee me enryme 
ts non-essentci lor pumi growin and oeveiopmem. 
£j the ptants ot tnc mutant yxes art normal except tor 
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m« lack ©i the red anthocyamn pigments products 
in various tissues of wOd-type or nonwnutant mane 
plants Introduction «' w«d-typt gene mio 
homorygous mutant fines rasuits in tne production 
of the enryme and thus ultimately tne production of 
antnocyamns. so mat transformant plants can be 
tasiiy identified due io their characteristic 
dim wiint brush and rand poUinate-2 onto the silks 
of female plants « f Kaitenberg 390 and CFS 550* 
hybrids. The silks were physically segregated trom 
other pollen. 

From the ears pollinated in this fashion. 52 kernels 
were produced. The immature embryos were ex- 
cised from the ears w days atter pollination and 
placed in culture on a corn emcryo tissue Culture 
medium containing £0 pins ptr million Kanamycn. 
The sttc'.mgs whicn grew up on ihe medium wrt 
assayed directly tor APM3* 0 activity and three 
seedlings assayed positive, indicating the A?m3* II 
tnryme wis tsir.g txcessed in the tissues of tne 
seedling' tr.us indicating successful irar.s:orrr.a:icn 
c: tnese p:ar.:s. 

C-i z- :."esi -ia- :s w*"s ~ ar cr. a :z"it tt'.:'.i 
rr.ed.Jrr ;«':rs t;»-s'e: :c i ;-ei"c.se '^'fj' 
grewtr.. Leaf tissue analyzed tor cc-;i.-.--;e: A?ri 
3' ll ac.:viry wr.ic- was pestivt. 

The present of pCMC 1C22 sec.uer.cts in the 
0NA isolated from this plants and from one plant 
which did net assay positrve was demonstrated by 
the Scutr.ern hytnd : .iaiion-tecnnicr-e. Southern. J. 
Mcl. £'C S2:5C2-577 (tS*S). ONA was isolated from 
c= " ... j-- . es; iti? sa-ces ty -r.ic-orr.cdifica- 
ticn e? tr.e ce'vi-*.*;.— .e:ry:a-.-r.cr:um ;-c.--ce :*sce- 
Cure c: Tsyie-'anc ?>i!!, rzz.s fS£21. 1C ug 
of ei" SNA ss~;.e was digested w::r. tr.e restric- 
tion. e----.es A. a t and Hire Ul. rescued t ; - 
ee: c"c e: s a- a;a =s» gel. trarstirred tc a 
pv'.c- -rs-.c-ar.e. anc hysr:c : .:ed witr. a -r^ad- ed 
p'rede :;"eiicr.c:.-.g tc the ne.n-ddd:." strar.d c! 

= ii : = =:-■; AI:t ' »•« r ' ;; «' 

hy;-c;r.g !rag*r.e-.ts we*e visji:t: by a.:; 
racc;*i:-v. 

The expected lk- fragment was net fcur.s in 
titr.e' ?;an:. However, ei" ct the pia-.ts exited 
an acc*cx:rr.are-y ikb frajrr.e-it wnier. hyc.*;c::e: 
w.tr. the APM-3* ii c*cse and wmch was no: four.c in 
ar.y C tr.e centre! non-ifansfcmed ccn:.*cl samples 
of mane Ona. Cne of tne two plants line one 
positive for APH It) also txn*fcited a 37 kb specifi- 
caily hysridi::ng fragment. The tact that tne ob- 
served fragment is not tne expected set is not too 
lurpnsmg since complex restriction patterns are 
generally Observed for ONA transit cud into plant 
ane animal ceils. Pomelo «t al. Can. 22:309*317 
(199C); Kiens tt al.. Kant Mot. . lioV . 5:223-22^ 
(19651; Pasixowski tt a* . EMBO J- 33717-2722 
{i9SiK Aiggs and Bates Proc. Nan. Acad. Sci. USA . 
B3.5ou2-5SC6 {15951. Fu/inermo*e. en tucaryonc 
cans Ona can be mooted. t.e> by meinytiiion. in 
wa r s tnat aiier its expected restriction digestion 
pattern Cuangifcf ano wamoi. P*oc. Natl Acad. Sci 
US-. 13 t7S7-t77l (1MG1. Bom A»a l and Mma ui. 
tne festr'C.ion onooniiticases in tn<s example, 
tse known to Utt «UwOutd By spectt< methyUino« 
witnm tneir racogmtton seduenees. MeCenano ano 



Nelson. Nucit*: Aocs Aes . I3.r»t-*W7 (1MS1. 
The * kb Iragment lenc^n «s ecuwaient to tne ptaarmo 
urut length of tn« pO*C 1C22 ptasmid and suggests 
mat these ptanis canta* landemiy oupfrcated co>es 
J of the plasmid. Oifltstiort wirh either enzyme alone 
would then product me piasm»d -length fragments 
observed. The 3 7 U fragmeni appears to result 
from a rearrangement of tne ?iasm.e, pemaps at its 
Junc^e witn indigenous mant Ona. 
10 Two iddiiionaJ repbcaies wtrt done utfcmg the 
identical procedure u described ibove wim pollen 
from C?S 5504 -punts pUced cn s*tks of C^S 550* 
plants. Two plants generated from the procedure 
were seleeTte at rancom from the plants produced. 
IS and were asaayed for APH T B and wert analyzed by 
Southern blot. Both pUnts failed to Show APH 3' tl 
activity but evidenced the *0 kb hybndiftng frag- 
ment in their oenomt. 

Another replicate using identical proctdues with 
20 pcllen from At83 and a Fin maternal plant again 
resulted in prsg»-.y frsn wiftic-t a plan: was te'ected 
a: rar.csm tc anaiysis The :«avts o'- :nis pia-.t ies:ei 
p;$:::^e !cr A = -. 3" u a-i a:s: evice-.cs; v.* - - 
fra;-e-: ir. tr.e Sc--tr.*rr. ; .z: ar.a'ys 5. 

25 

3. Use of pCMC ICG witl Ctr.tr Gene J 

To transfcrm other gt.-.es cf inttres: into maids or 
other plants, ptasmid pCMC tC22 may be used in any 
of several ways. The APh3' D coding sequence can 
30 be deleted by digestion of pCMC 1022 *ith Hind til 
and Earn HI and another ge-.e sequence of interest 
prepared witn ao;ropna:t e."CJ can be Bgated in its 
p-art. if tr.e o? sntt-ts: nn reisc-.a: y t- 
se:ec:ec fcr. :re p:as.- z -iy tr.en Dt direct^ -sei 
25 fc: tra.nsfrr.-ati=-is. L' the je-.e ef interest is 
secar*:s : y p-e;i'sr witr. ircrsrriaie rtg--:*:cry 
sec-e-res J" : • i? * marker is ies rt:. tr.e 
ge-.e ct inrt'tj: witr. its *e;-ia'.ory sec^e-ces zz- 
te insert: in a-y of the s:Hs in tr.e po/i.-.ner 
43 ucst.-ea-- c- tr.e CAlv»v2£i sccuenci in pCMC 1C22. 
A*c—e* a-'S'-a*-.* tc rrs*« ,-s« c! tr.e ?CV.t '.ZZZ 
s* «: ir • -a*<e- s :: ; e:i*» the ;e-t z* in:e 't::. 
in pCV.C 1C22 cr in ar.y etr.er p:ar.t exsresrc-. 
vector, anc tc cca: pCMC 1C22 and the gsr-e 
4* excress^cr. ve::c* :oge:r.e- c.:c came* par.ieits *s 
d:sc:csec r.e-e.r. Jor tra.-.sfc.*rra:icn into pla.-: cttls. 

Tht ;ias-.i pCMC IC*: wis desstud wi:r. tne 
American Tyje Culture Cdttctien. iHCt Parktawn 
Orrve. Rockvtfle. MO. USA. on November 14. 1925 
SO under ATCC accession No. 57253. 

The above deposit was made pursuant to a 
contract between the ATCC and tne Cttus Corpora- 
tion, a partner in Die assignee ei me presenr 
invention. The contract witn the ATCC proves tor 
SS permanent availably of the progeny of mese cell 
Ines to the public on the issuance of me US P» I,nt 
desc-bmg and fcemrfwng tne deposit or me publica- 
tion or tayrng open io me public pi any US or loretgn 
patent application, whenever comes fcst. and tor 
to availability of me progeny of mese cH fcus to one 
determined By me US Comm.iwyvw ot Psients 
and Tf3dem.v^s io be ennned tnertto according to 
35 USC Soc:*on in ano me Cjmmi*s»o n * f " s rVlJtS 
pvrtuani tnereio Irduonrj 37 C^ A Secaon t U w.m 
tS particular reference io 115 0 G 539). The assignee ol 
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*« present ippfceaw has ec/*** m * t ' *f"" 
MS on deposu snoukl *torO« lest Of 
when cultivated under tuit»ei« coneaws. twy w* 
be promptly replaced Oft notification w,ih a viable 
culture of tne samt et* *n«. 

The present invention is not to be Smiled « scape 
by the microorganisms deposited. «»nce me de- 
posited embodiment is wended as » »ntf« ** tf »* 
lion ot one i*pec: o< me iftvention and any 
microorganisms whio are functionally accent 
t/e within the scape ot mis invention. 

U is also to be understood mat ait bate par sizes 
e>en for nucleotides are approximate and an used 
lor purpose ot description. 

In one aspect me invtntion relates to a mace plant 
comprising in its genome a foreign gene wherein me 
lore-cn gene was introduced into me plant by 
pnys.cal injection, into me poDen of me pollen parent 
of me plant. The foreign gent is preferably coated 
onto earner parties accelerated in;c me pollen. 

Tr.e fori:;--. g*-e may include a ccci.ng sec.utr.ee 
an; a"'== a e iia-*:«; re;-la:sry sequences so 
tr.a: me cce secjer.ee is e«=r-ssed if. uss-es cf 
me p!a.-.:. 



Claims 



1. a memcd of making a genetically trans- 
formed lint of plants characterised in mat it 

cc.T.=r:ses tr.e s:e=s cf: preparing ccpies cf a 
fcre : gr*. gs-e inctwsm; a eccing reg:c-. a.-- 
fiamcmg re;j!a:=r, secue-ces ertecjvt tc ex- 
prtsa me cscmg rts*.-. in me pant ceils: 
\c<.'.r- cere: cf me ?" t --. ge-e tc =<cic; -::y 
ine-. cs"f pa.-.ic:ts; pr.ysca/.y sscii*ras.-.g 
ir.t parses carrying me gene cccts a: pefia-i 
cf me ?'4-t «*. sue* a fasten mat seme 
pieces zz-t I.-, me integer -f s:-e ef tr.e 



ps.te-; pc'm.a: 



— — 



u * c-is-s ct me p a-: 



me psiitn »o treated: ar.c scree run; 
irr.ong tne progeny trcm mis pcSnarion ( C r 
tra.-.sicr-es prcgeny. 

2. A r.emoe as etaimec in ciam l. charac- 
terises m ma: me bidcgieafiy inert panictes are 

metallic. . 

3. A memod as claimed in c!aim 1 enarac- 
tensed in that me metallic pannes are gold 

spheres. . 

a. A memcd as claimed in either dam 2 or 
claim 3. characterise©; in Wat it includes (he step 
of coating me mean* panicles witn an encap- 
auUting agent bafo/t tnt gene copies a/e 
joined to mem. 

3. A method as claimed in daim a. cnarac- 
terised mat me encapsulating agent is 
poiytysm*. 

«. A method as claimed in either dawn 4 or 
euim 5. characterised in mat me step of joining 
tne fore.gn gene cooies to the metaifie panicles 
induces arytng a solution of me gene copies 
onto im pamces. 

7. A methofl as claimed in daim f. eharae- 
tenses m mat a sotucion of me gene copies 
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includes CaMPO* wn*h >s precc-»aied *.m me 
gene copies onio me meiau* panicles. 

1 A memod as ea*neo .n any one of me 
preceding dwns. cnaractensed * mat me siep 
5 of physical accelerating tne pamctes includes 

layering me parttcles on a planar carntf sheet 
ill) accelerating the earner sneet by impacting 
it w»in a shock wave. anC restraining me carritr 
sheet such mat me momentum of me earner 
10 particles cames them trom ine sneet. 

1 A method as cia*rr*s * dam 8. tfiarac* 
Urised * mat me shoe* wavt generated to 
impact the carrier sheet H«l * generanc by 
hioh-voitage electric disc-urge mrougn a spark 
15 gapbndgedbyawaterdropie:t2i). 

10. A memod as daimei in any one of the 
prececv.g claims, characterised « ma: me step 
of acctferating me parties at plant pollen 
deludes placing a monolayer of pciten on a 

20 target s^ace and piacmg mt target surface in 

tnt accn-ai'or ca:r. cf me ci-ner ?*r.c:es. 

11. A retried as c:s.-«t m tO. c-.arac- 
Xtrttz Zi me Stsci accvr.g a lay*' C 
m^nera : : tc me s^a:s. c-i::-; 

25 me'ic-.ar.r ret-.cving mt *xcsis '^•'t'rzrr.. 

12. A rt'.r.ci as cta.rr.t- \r. t.!her claim 10 cr 
claim it. characterises in mat me s:t? of 
pollinating female organs of ine plant is accsm- 
pfisntc =y brushing pciltn mta whici panicles 

3D nave teen aece'erated cti me urget surface 

_ wilh a brush and dusnng that pollen onto me 
ferr.a:* c*;a-.s et a st'tc'tc fer-ale parent pia.-.:. 
12. a rr.emcc is cu.rr.e- ^ any one of :. fc 9 
prtctc -? cta:.-r.s. c-aractensed «n tr.a: me 
jf scrtf " amcng tr.e prsger.y is cent an tr.e 

tis i a 5icc-.em;sz: assay, 
li a -e:r.cr as su.me: r.zr- i'^iz- 
ter.stz if. ma: me assa/ 'i tc: ar.::c:c::c 
resisti-.ct. 

xc 15. A r.emsc as 2*r*z ' i-y cf da-s . 

tc i: cr.ara:te-s*c a*, ma: jr.s sc-s*- -; 
a-c» me : t; 5 y a zz t " me sas : c a 
mor;.rciogica! piant n;:. 

16. A memcc aj =Ia:-ec <r. any cne o' the 
4$ preceding ctrrr.s. c-.a.*ic:«hse: if. mat me 

pia-v.s are rr.a;:e. 

17. r ants genttieaJy trans^rrr.ti try rrr.ethod 
as claimed in any one of me preceding daims. 

11 A method of making a genetically trans- 
SO formes mai=e plant tna,'ac:erised in mat it 

ccmpnses the steps of: pnyiicalty injecting a 
(©reign gene inc'ubng a coding region and 
appropriate mguiaiory seouencts ^« 
poaen trom a male parent plant: hand poffinattng 
S3 me peflen onto the mature mace sdks of a 

female parent plant and ser«9**9 *« 
from other pollen sources: growing up progeny 
procuced trom the tended temate parent 
plant. 

m W. A method as COimed in da.m it. charac- 

tensed in thai me step of physical faction 
inc-jces jo.n.ng cap.es al tne lorrgn gene to 
earner panicles and acceieratmg me particles 
at me matze pollen. 
20. A method as ctaimec «n etaim 19. chara 
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torisad * ffut tnt cam* pandas a/t goW 
bites eoattd ^ an tncapsuiai.ng K*^ 
prtf traWy po*y*ysint. 

21. Maat pUnn prodwetd by a wtnod as 
CUi/ntd in any ont o< dawns il to 20. $ 

22. A mailt plant which has i P^tni plant U 
ciaimta in tt^tr ci*jf" 17 or cairn 21 . 

23 Maiit poil«n corr.pnjinQ in it a lortign 
crumtrie gtna and at Hast ont camtr paracu 
which physically eamad tht lortign gtnt into W 
WapcUtn. m m 

2*. Maizt polltn as daimtd * cia»m 23. 
charac:tristc in that tht lorticn gtnt indudts 
a coding itcuanct and aopropnatt flanking 
regulatory sasutncts so mat tnt coding w t5 
qutnct is txprtsstd in progtny of tht potttn. 
25. Apparatus ter injtcimg tamtr partidts 
carrying ON A into living ctH Chirac; tristd in 
lhal it conpnsts: a sea* discr.argt chambtf 
(12* ' two t'ec:rcdts 0*} txttnding into the 20 
apa'i cM-it- and $=ac«d a=ar by 

a s=i** ga = . ••"« t : t::rc=«s tt scant tcr 
a::a:--«-: t= *" tx:t*-.a: $:-'ct higi 
vc;:a;e cs-a;* a ci"f s~«s: (:£■ h«.c 
spicti i:: t tr* s:a< c i"* ;* cr.ar.3t:. 25 
Lit carrit* shtf. rtCtrv : ..-. ; tnt carr:tr par.rc!ts 
tntrtsn; a rt!ainir.g sew (22) fixtd in plact 
aoovt tnt carrit t *.-.«!; and a targtt turfact 
(221 htid ssactd asovt tht rttaining scrttn 
(20) and carrying tht cris so that a spark X 
CUchargt gtnt rating a shock wav« in tht 
discr-.ar;* crarr-t' ('.2! win accrtrat* tht 
carritr s~*s: ','V : n:c 't 'f.a ■■-.<*.; *"■«- 
%z :na: tr.t zi"f sa-;c as *•« ac:t **a:t: ir.:s 
mt ct;!s zr. : s--a=* [22\. - 

25. A;:»-i:-s a : j k ciilt. 2S c^ac- 
tfise; :r.a: a «<a:«: r-::t: '.t-' :s csrsst: 
bridging rtxti- :.*.t * e::rcci5 
27. A::ara:-js as =:» ■<"• «' = : * 25 c * 
c!a:- 2-: c-a-a::i-.stc ir. r.a: it insists a *s 
vac.--- z-i-zt' iz a ^« i;:i'i:-s *o =« 
cctri-s: •- a =i".a. ■••»=-• 
2*. A=sa.*a:-s as c:a;.rt: in ar.y en c? cuirr.s 
2! tc 2*. c.-.a.-ac*tr;st; in :r.a: tht srarx ga: 
btrwttr. L-.t t!ti::==»s is tttwttn \ tr.i \.i if 
millirr.ttirs. 
2S. Ap=a:a:^s ts claim in any ont of ciin-.s 
25 to 2S. crarac:tristc m u*at a scactr ring (l6j 
b pesitiontd atovt tht spark discharge cnam- 
btr (12) but 6tic\* tnt camtf sntt! \\t\ and SO 
w»tn a: !tas: a parnaJ optrung at us :cp. 
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FIG. 2 
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FIG. 3 



